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This invention relates to new materials or
substances having certain desirable magnetic

~ qualities, among which are high magnetic

- permeability especially at low magnetizing
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forces,

and low hysteresis and eddy current
losses. Co

- Itisthe princiiﬁal obj ect of the invention to

provide a magnetic material which will be
particularly suitable for use under conditions

‘where the magnetizing forces are very small,

such as is the case, for example, in the induc-
tive loading of signaling conductors to in-

‘crease their range and speed ‘of operation.

Another object relates to applying this load-
ing material t6 a conductive core in a manner
to produce a highly efficient transmission line
for long range,
Another object is to improve the electrical
and ‘magnetic properties of magnetic ma-
terials of the type useful for loading signal-

. ing conductors and in particular to increase

25

30

their resistivity with no material decrease
or an actual increase of their ermeability
at low magnetizing forces and. with little
increase or with an actual decrease of their

‘hysteresis losses. These and other objects

will become apparent on consideration of ex-
amples of practice thereunder which will be
disclosed specifically- in . this specification,

with the understanding that the definition of -

the invention will be. given in the appended
claims. . ' : R

This application is in part a continuation
of application Serial No. 486,009, filed July

35 /20, 1921, now patent 1,586,883, granted June

40

1, 1926. :

" Tron, because of its quality of high mag-

netic permeability has always been con-
sidered indispensable for the cores of tractive
electromagnets, for dynamos, motors, tele-

phone receivers, telegraph relays, etc.’

45
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Silicon steel exhibits’ magnetic qualities
superior to ordinary. iron in some. respects,
but its employment 1s limited by its compara-
tive brittleness and the difficulty of working
it. A good quality of soft iron has therefore

‘been commonly employed as the best magnetic

medium for general use for tractive electro-
magnets. The principal possible rivals of

iron are nickel and cobalt but they are far

high speed signaling.

below iron in permeability at the magnetiz-
ing forces involved in such apparatus. With
nickel and cobalt, in this respect, stands
Heusler’s alloy of aluminum, manganese, and
cop%er._ It has been found that a composition
of about 24 nickel and 14 copper, when tested
at low magnetizing forces, gives a permeabil-
ity higher than that of iron alone. It will
be seen that with the exception of aluminum,
all these metals stand close together in their

‘atomic weights and: atomic numbers and in

this specification the five elements manganese,
iron, cobalt, nickel and copper, having the

‘consecutive atomic numbers 25, 26, 27, 28 and

29 will be referred to as constituting the mag-

~netic group of elements.
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The present invention relates to improve-

ments in magnetic materials of the type use-
ful for application at low magnetizing forces
such as are found in the magnetic materials
employed in continuous loading of signaling
conductors, and similar applications, as dis-
tinguished from power apparatus. However,
the invention has to do generally with new
and improved magnetic materials and their.
utilization. in any commercial application
where they: are found useful is within the
scope of the invention.

" In my Patent 1,586,884, granted June 1,
1926 on an application which was in part a

continuation of my copending application,

Serial No. 111,080, filed July 54, 1916 there
is described in detail an improved magnetic

~material -consisting of elements of the so-

called magnetic group, for example, nickel

-and iron, -and having a permeability much
higher than that of iron at low magnetizing
forces of the order of a few tenths of a c. g.s.

unit. In the Patent No. 1,586,883 previously
referred to, there is described and claimed
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broadly a somewhat similar magneti¢c mate- .

rial in which a substance is added for the pur-
pose of increasing resistivity. These mag-
netic materials are peculiarly suitable for use

‘in the loading of long telegraph cables as
.described in a patent to O. E. Buckley No.

1,586,874, granted June 1, 1926.

The claims attached to the present specifi-
cation are based in part upon certain species
of invention divisible from those claimed in

100
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“go Other suitable substances for increasing the -
‘esistivity of jron-nickel magnetic alloys.
‘without seriously impairing their initial per-

63

-¥orce.

“keeping

.jron-nickel compositions in

-and ‘searcity ren
. gredients of magnetic

2

the patents mentioned above and in part
upon certain newly discovered facts not set
forth therein. Prior ‘to applicant’s re-
searches eventuating in extensive: applica-
tion of iron-nickel alloys, metals such as chro-
mium, molybdenum, man%anese, cobalt and
silicon had not been employed in magnetic
alloys composed of two e ements of the mag-
netic group,
the purpose of im]

roving their
magnetic materials

or use 1n applications in-
volving small magnetizing forces. Such ma-
torials when combined with iron and nickel,
for example, had been employed for the pur-
pose of making hard steels such as tool steels,
anti-corrosive steels, and magnetic bodjes of
great magnetic retentivity and corrosive
Tt has been discovered, with respect
to chromium, which is claimed broadly as an
ingredient of similar magnetic compositions
in Patent 1,586,888, that here is ‘a preferred
range of chromium content not set forth in
said patent. Addition of chromium within
this preferred range enhances the beneficial
results obtained from its use. It has also
been discovered that variation of the chro-
mium content over this preferred range,

content. For different heat treatments the
maximum initial permeability
ent' chromium content.
forth for the first time a body of systematic
data upon the magnetic properties of iron-
nickel-chromium compositions at low magne-
tizing forces in correlation with data upon
their resistivity. Equivalents for chromium
have also been investigated. It has been
found that. molybdenum, for example, com-
bines with'iron and nickel with results simi-
lar to those secured in the case of chromium
alona: - For the purposes of the present speci-
fication . the chromium group includes the
métals chromium, molybdenum and tungsten,
TUranium is theoretically deemed to be a mem-
ber of the chromium group but for all practi-
cal purposes connected with the present in-
vention, it is excluded -from consideration.

is at a differ-

meability are manganese, silicon and cobalt.
These elements are noted to be of high melt-
ing point, that is, above 1150°
form sohid solutions when combined with
amounts within

the scope of the present invention. -The so-

“called noble or rare metals are excluded from
‘the scope of this invention even though they

have high meltin points, because their cost
er them unavailable as in-
compositions. Hence,
~hen reference is made to metals of melting

point above 1150° C. itis unders‘tood‘thtt

especially of nickel and iron, for.
utility. as”
resistivity of the alloy.

‘an extremely high permeabilit

the nickel content and the heat treat-
ment constant, gives a maximum range of in- .
itial permeability around a certain chromium,

There is here set

C. . They also-

1,768,287

~

ruthenium, rhodium, palladium, osmium, ir-
idium and platinum, as well as uranium, are
excluded for the purposes of this specifica-
tion. : :
The present invention relates to a further
improvement in this material and provides a
new magnetic material comprising elements
of the so-called magnetic group combined in
suitable proportions and to which additional
material has been added which increases the
This alloy when
subjected to a proper: heat treament and
guarded against undue stresses and other dis-
turbing causes not only-develops and retains
at low mag-
the order of a few tenths

netizing forces of
but at the same time has

of a c. g. s. unit
low hysteresis and
Furthermore it can be applied with advan-
tage to the continuous loading of signaling
conductors in sich a manner as to obtain the

full benefit of the above poted desirable

properties.

70

(4

eddy current losses.

85

The invention may be more clearly under- |

stood by reference to the accompanying
drawing in which Fig. 1 comprises curves
showing the variations 1n initial permeability
of a nickel and iron alloy containing approx-
imately 78% %
various amounts of the iron content are re-
placed by equal amounts of & third substance,
in this case, chromium. - ‘

Fig. 2 shows the variations in maXimum
permeability under conditions similar to
those of Fig. 1. N

Fig. 3 is a curve showing the variations in
initial permeability of a magnetic material
with variations in the proportions of nickel
and-iron when a third substance is held at a
constant percentage. :
- Fig. 4 shows the variation in permeabilit
of a preferred composition of this material,

.compared with Armco iron and a high per-

meability nickel iron alloy, for a constant al-
ternating magnetizing force upon which is
superimposed a varying direct current mag-
netizing force. - :

Fig. 5 shows the variation in resistivity
with varying percentages of chromium added
to an alloy of nickel and iron. :

Fig. 6 shows. the- variation in resistivity
when the percentage of chromium is main-
tained constant and the ratio of nickel and
iron varied. : :

Fig. 7 comprises magnetization curves for
various compositions of this magnetic mate-
rial in comparison with similar curves for &
high permeability nickel-iron alloy and for
Armeco iron.: o _

Fig. 8 comprises curves showing-the varia-

tions in permesbility with varying magnetic

induction of the preferred composition: as

compared with the materials of FxF.A'( .
Fig. 9 shows half of a hysteresis loop of the
improved magnetic material compared with

nickel and 21%% iron, when

85

100

103

110

115

125

130



10

15

20

25

30

40

)inﬁgrammatically.

- the curves

1,768,237 .

hysteresis loops for a high permeability

niekel-iron alloy and Armco iron under simi-

lar conditions. : L :

Fig. 10 is an elevation of a conductor load-
ed with the improved magnetic material of
this invention. '

Fig. 11 is a cross-s~ctional view of the
same. . . . .

Fig. 12 is a cross-section of the same con-
ductor when embodied in a submarine cable.

Fig. 13 is a sectional view of a type of fur-
nace suitable for annealing the loading con-
ductor. _ y '

Fig. 14is an elevation of a conductor wrap-
p_e(% with two ‘layers of this magnetic mate-
rial. . : : ‘

Fig.

5 shows a loading coil with its core
of this

material and its. windings indicated

eferring now more particularly to Fig. 1,

i and B show the effect upon the
of a magnetic alloy com-
el and 21146 % iron when
of a third substance, in

initial permeability
prising 7814 % nic
varying percentages
this case chromium,
equal amount of iron, curve A being for one
heat treatment and curve B another, .

The initial permeability as defined in my
copending application referred to above is
the permeability for zero magnetizing forces.
This value is obtained by determining a se-
ries of values for exceedingly low forces, say
of the order of .01 to .05 . g. s. units.” The
results plot linearly and may be extrapolated
back to the value for H=0Q, thus giving the
%’alue of permeability for zero magnetizing

orces, '

- The heat treatment for curve A consistéd-
* in annealing by slow coolin

from 1100° C.,

followed by heating to 600° .y and then cool-

-ing to room temperature at a rapid prede-

termined rate, namely, 9.5° per second. In
accordance with g slight modification of this
heat treatment giving the same results, the
material is first heated to the desired temper-
ature and then cooled slowly to a terperature
near the magnetic transition temperature

- and then cooled rapidly at a predetermined

. 66"

o~

GO

rate which is intermediate an annealing rate

and a rate at which undue stresses and strains
will be set up in the materials. Curve B
represents the
except that the heat treatment consisted only
of the annealing. = - S

The proportions. of. 78%% nickel and
21%% iron were selected for preliminary

tests since approximately these proportions

had previously been found to give the high-
est permeability when chromium or other
substance which behaves similarly was not
present. Both of the curves show that.with
‘the respective heat treatments the substitut-
ing of a small amount of chromium’ for an
‘equivalent amount of iron causeg an increase

" in initial permeability. When the material

Teaches a maximum when slight
2% cromium by weight is used
Lcreases rapidly: with larfer _amounts. of

‘material was subjected.
“heat treatment as was used in

-amination of this curve it will
“the maximum

are added to replace an

same conditions as curve A

is given the double heat treatment as repre-
sented by curve A the initial

and then de-

chromium.” In the case of the single heat

treatment as shown by curve B the maxi--

mum-initial permeability is reached when the

material contains approximately 4% chro-
mium by’ weight and decreases less rapidly -

with larger amounts of chromium,
The effect upon the maximum ‘permeabil-

Fermeability y
y more than

70

(]

ity of ap alloy containing 78149 nickel and

2115% iron when varying amounts of the
iron are ‘
mium is shown graphically in Fig. 2. In
obtaining the data for ciirve A the magnetic
to the same double
resented by curve A of Fig.'l. From an ex-
permeability decreases very
rapidly with an increase of chromitm, “Thus
for an alloy containing 1% chromium there
was obtained a maximum permeability of
150,000, for an ‘alloy containing

creased to 60,000 and for'an alloy containing
™% - chromium, the maximum . permeability

1s -approximately 10,000. - When the mag-:

netic material is subjected to a single heat

 treatment as illustrated by curve B, the maxi-

mum permeability .increases with the chro-
mium content until a chromium content of

‘approximately 814% is reached, the maxi-

mum permeability then increases rapidly and

the curve crosses curve A (which relates to -

the same composition given the double heat
treatment) and remains above the curve A

“until the chromium content approaches 7%.

. As 4 result of the discoveries represented

"by the curves of Figs. 1'and 2 it was seen that.

an alloy containing approximately 29 chro-
mium, when :
very satisfactory from the standpoint of
permeability. - _

:In order to obtain a further indication,

then, of the most satisfactory proportions of

nickel and iron, thorough tests were made in
which the chromium content was maintained
constant at-1.9% and the .proportions of
nickel and iron varied, The results of these
tests which are shown on Fig. 8 indicate that

~the most satisfactory results are obtained:
with approximately 7814% nickel and the

balance 1ron and a third substance of which
chromium is the specific example dealt with
in the present instance. As indicated by the
curve of Fig. 8, the initial permeability curve
rises very rapidly as the nickel component
approaches 75%, reaching a maximum at
approximatel
creasing rapidly with further increases in the
nickel content, ~These tests were supplement-
ed by tests on other nickel-iron chromium al-

replaced: by equal amounts of chro-.

properly heat treated would be

7814 % nickel and then de-..

80

the test rep- L
‘85.
be seen that -

90

2% chro- -
" mium the maximum permeability was de-
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_creasing material”

.posed varying direct current

loys: cont;ainin%;iuY1 to 8% chromium and in

‘each case the highest permeability was ob-

tained when the nickel content was approxi-
mately 7181 %. Similar tests were also made

with substances other than chromium. For

example, with small amounts of cobalt, sili-
con, manganese and molybdenum, as high or
higher permeabilities were obtained - when
the nickel content was approximately 7 814 %
of the whole as when any other percentage
was used. The expression- “resistance 1n-
will be used bereinafter
to include metals of melting point above
1150° C., such for example, as chromium,
molybdenum,

binations of these elements. The addition
of still other elements or substances for the
game or other purposes, thereby producing
compositions within the scope of the ap-
pended claims, is not deemed to be a de-
parture from the invention.

In Fig. 4 are curves showing variations in
alternating current permeability of various
magnetic materials when subjected to a’ 200
cycle alternating current magnetizing flux of
.001 c. g. s. units and upon which is superim-

i magnetizin

forces. Curve A shows the permeability o

an alloy containing 78%5% nickel and 21%4%.

iron. Curve B shows the improved magnetic
material containing 781/, % nickel, 1.9% chro-
mium and the blance iron and curve C shows
the alternating current permeability of a very
pure grade of magnetic iron. From these
curves it will be seen that the jmproved mag-

 netic material containing approximately 2%

40

45

chromium when subjected to a superimposed
direct current magnetizing force within the
Limits employed in this figure has a consider-
ably higher alternating current permeability
than an alloy containing 7 814,% mnickel and the
balance iron, and hasa decidedly higher A. C.
permeability than the best grade of magnetic
iron. The importance of this characteristic
of the material is apparent since loaded lines

- and various kinds of apparatus such as relays,

;B85

Tt will be riofed that the resistivity of the alloy -
increases rapidly with an’ increase in" the
amount of chromium present in the alloy. ~

-

 tivity of an alloy

‘mately.2% chromium and

telephone receivers and repeating coils are
constantly subjected to a greater or lesser di-
rect current magnetizing force upon which is
superimposed .a varying magnetizing force
resulting from voice and signaling current. .
In Fig. 5 is shown the variation iff resis-
contdining 7814% nickel

and the balance iron and chromium for differ-

ent proportions of the latter. two elements.

The curve of Fig. 8 shows the variation in
resistivity of an alloy containing approxi-
‘the balance nickel
and iron with varying proport

ions of the lat-
ter two elements. . Asghown by this curve the

maganese, cobalt and silicon,
and other similar common metals and com-

- 1,768,987

_variation in the nickel content produces slight
change in the resistivity of the material.

The curves shown in Fig. 7 comprise 8 se-
ries of magnetization curves for the improved
magnetic alloy with various percentages of
chromium in comparison. with ‘a nickel-iron
alloy containing 78%% nickel and 21%%
iron and a very pure grade of magnetic iron.
The nickel-iron alloy and the various nickel-
iron-chromium alloys were given the double
heat treatment previously re erred to and the
iron sample was heat treated to bring out its
best magnetic characteristics. Curve A is the
magnetization curve for the nickel-iron alloy
containing 78%2% nickel and.211%4% iron.
Curve B, which is the improved magnetic ma-
terial containing 7814 % nickel and approxi-
mately 2%
rises less rapidly than curve A except at a
point near the origin and saturates at a con-
siderably lower value. Both, however, are
far above the curve for Armco iron as repre-
sented by curve C which has not even begun
to rise steeply at the low magnetizing forces
with which we are now chiefly concerned.
Curve D is a magnetization curve for a nickel-
iron alloy containing approximately 78%2%
nickel, .98% chromium and the balance iron.
Curves E, F and G are for similar alloys con-
taining respectively 2.37%, 3.86% and 6.85%
chromium. These curves show that for a
given magnetizing force above .025 c. g. 8.
units, the permeability is decreased with an in-
erease in.the chromium content. It also may
be seen that the magnetizing force necessary
to ;il oduce maximum Eermeability increases
with an increase in the chromium content.
Additional tests made with the same samples
(not shown in the drawing) indicate that with
extremely slow cooling (annealing in the fur-
nace) practically the reverse is true, the per-
meability for a given magnetizing force in-
creasing with increase in the
tent and the point of maximum permeability
being decreased with an increase in the
amount of chromium present. These tests
further show that alloys containing 3% or
more of chromium are less sensitive to heat
treatment than are those containing less
chromium. Therefore, by using alloys con-
taining larger amounts of chromium, it is pos-
sibleto obtain a more uniform product under
ordinary commercial process although this
uniformity is obtained at a sacrifice of perme-
ability. .

The curves of Fiﬁ' :
_plotting the permeability values of the mate-
rials of Fig. against the valtes of magnetic
 indfiction. - Curve A is the curve for nickel-
ironallo ‘containing 7812% nickel and 21%%

iron. Curve B is the curye for the simi

70

78

chromium with the balance iron, -

90

100

105

chromium con-

110

115

120

8 are obtained by. -

125

material in- which approximately 2% of the -

jron is replaceéd by chromium and curve C
the curvefor Armco iron under similar con-
~ ditions. : : -

i
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- The hysteresis"cuﬁes of the three materials
of Figs. 7 and 8 are shown in Fig. 9, only the

“upper half of the. curves being shown.

10

These curves are carried to & maximum induc.
tion of 5,000 ¢, g. s. units and are drawn on
the same scale. Curve A is half of the
hysteresis loop of the nickel-iron alloy 'con-
taining 7814 % nickel and 211%% iron. Curve
B is a similar curve for an alloy represented
by curve A in
iron is replaced. by an equal amount of

~.chromium and curve C is a similar curve for

. proved alloy

15

Armco iron. The hysteresis loop for the im-
containing chromium, while in
this particular case slightly less than that of

the similar alloy without chromium, is reall

- of the same order but both have a very muc

20

smaller area (about ;) than that of the loop
of curve C for Armco iron. :

It will also be noted from a’'study of the
curyes of Fig. 9, that the coercive force of
the improved magnetic material, although

. slightly less, is of the same order as the coer-

30

‘mately 29,

cive force of the alloy containing 78149
nickel, 2114 % iron, and is much less than the
coercive force for _
iron as represented by curve C." After being
subjected to a magnetizing force of 100 ¢, g. s.
units, the coercive force of the nickel-iron
alloy containing 78149 nickel and of the im-
proved magnetic alloy containing approxi-
chromium is of the order of .05

" C. g s unit, whereas the coercive force for

35

Armco iron is approximately .86 c. g. s. unit.

In the preparation of this magnetic ma--

_terial in its preferred form, iron and nickel

-40

may be fused together in an induction fur-
. hace, in the
" and 7814 %
~of these materials

proportion of about 1914% iron
nickel, good commercial grades
being suitable for this pur-
pose, and to this alloy is then added the third

- substance such as chromium; which increases
- the resistivity of the material. However, in

~order to prevent excessive
5 substance from going into the slag, it has

amounts of this

been found preferable to first make up an
alloy of that substance with nickel and then

-add that alloy to a nickel alloy, so propor-
~tioned as to give a desired proportion to the

'55

~Mmagnetic material when the two- alloys. are
combined. For'example,
make a nickel-iron-chromium alloy contain-:
. ing approximately 29

‘of approximately 759
. mium is first prepared
to,a molten nickel-iron alloy while in the

when it is desired to
chromium, an alloy
nickel and 25% chro-
and this alloy is added

furnace so-as to give the desired proportions

- to the material. “After the three ingredients

60

are added the.composition is

})Oure_d in a
mold ‘and cooled to form a thick

bar or réd

* which is then rolled, swaged or otherwise

- A suitable process for making and treating

65

-worked into the form in which it is to be used.

the material is-disclosed in patent to J. H.
‘White, No. 1,586,871, granted June 1, 1926.

which approximately 29% of the,

the best grade of magnetic”

tape, the drawing process

to disrupt all the strands at the same glace.

When the material is to be used for the con-
tinuous loading of signaling conductors, the
bar or rod as
jected to repeated swaging and annealing
operations ‘or to hot rolling by which it is
reduced in diameter and correspondingly
elongated. The long rod thus formed is tﬁen
drawn out by repeated drawing and anneal-
ing operations to a size about #20 B and S
gage and is then formed into
passing it between flattening rolls and by
several such operations flattening it to a tape
having a thickness of about
8 width a little more than .125 inches, In
the last annealing operation the material is
heated to a temperature of 1100° C. and then
allowed to cool slowly thus carrying out the
first step of the heat treatment which is not
completed until after the tape is wound upon
the conductor. This tape is next passed
through cutting rolls or discs which trim its
edges squarely on both sides and give the tape
an exact and uniform ‘width, thus placing it
in condition for application upon the conduc-
tor. When it is desired to use the loading
material in the form of wire, rather than
is continued until
the wire has the desired dimensions:

The stranded conductor of F igs. 10 and 11

- comprises a central cylindrical wire 21 en-

veloped by six surrounds 22, which are shaped

to fit together closely to form a cylindrical

annulus about the central wire. . Tt is desir-
able that the conductor assembled in this way
have a smooth cylindrical contour and for
this purpose it may be drawn through a die
or subjected to a swaging operation. The
stranded conductor as described has the ad-
vantages of flexibility and preservation of
conductive continuity in case of breakage of
any of the strands by a force not too severs

This stranded conductor 21—99 is #5 and
S gauge in size and is loaded with the jm.-
proved magnetic material in the form of tape
as .described above.
is wrapped helically on the stranded copper
core in accordance with my copending appli-
cation Serial No. 557 ,928,'ﬁled,Mag'

now Patent No. 1,586,887, granted June 1,

1926, care being taken to abut the edges closely
-without overlapping. App

to Frederick S.-Kochendorfer No. 1,624,668,
granted April 12,1927, . SR
. The taped conductor is. next to be given
the
this
at a temperature of about 900° C. This is
a muffle furnace with the heating elements 26
between the fire clay muffle 97 and the fire
brick 28. Around t
iron outer wall.

per lining 30 the inside diameter of which

a thin tape by

.006 inches and

The magnetic tape 23

final step in its heat’ treatment and for
urpose it is drawn lengthwise through - -
the/.gn'na(:e of Fig. 13 which is maintained -

taken from the mold is sub-

10
75
80 -
85
%0
9
100
195‘.',

11e.

9, 1929,

115

aratus for accom- - -
" plishing this is described in detsil in patent

N ]20

125

e fire brick 28 is a sheet =
‘The iron tube 29 has a cop- -
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© jects about eight inches beyond the

10

15

20

25

30

- gubmarine cables by

.~ wrapping of
40

N

5 furnace is about two

6 .

is a little over one-half inch. It extends
clear across the furnace at each
furnace
The length of the pass through the
feet and the rate of
movement of the conductor therethrough is
about three quarters of a foot per minute.
the taped wire passes from the furnace and
the projected ends of i
. the air which outside of
about normal room temperature, that is, about
90° C. Under the conditions and for the
dimensions described, this gives a proper
rate of cooling after heating in the furnace.
The conductor should be led awa straight
from the furnace for a sufficient istance to
ermit it becoming well cooled, since bend-
ing at this stage may impair its permeability.
o the necessary coiling of the taped con-
Juctor should be on a large radius not less
than two feet, since the strains involved in
coiling and uncoiling on 2 smaller radious
may lower the permeability. ,
~ After the heat treatment, the taped con-
“ductor is first insulated in such & manner
that the loading material will not be subject-
_ed to uneven strains when the cable is sub-
merged at great depths. This is preferably
plished by coiling the taped conductor

walls.

accom

with liquid bitumen in accordance with the
‘process described in detail in a copending
application of Archie R. Kemp, Se
617,511, filed Februari‘ 7, 1923, now Patent
No. 1,700,766, granted

forced according to the usual practice for
surrounding it with a
gutta percha and then with the usual
sute and a sheath of steel wires,
giving the product as shown in cross section
m Fig. 12. : R ‘

_While a certain speed
‘s certain type of furnace

layer of

imd.texﬁpe'mture of

a particular cable, it is apparent that these
factors may be varied or adjusted to meet dif-
ferent conditions, such for example,asa cable

" of different diax_x;eter"from the one here dis-

.closed. .
A description

- sions of the conductive core and the width

.85

60

" and the fact that the layers

o apply it in
L ipdicated in Fig. 14. - Amo

and cross section ‘of the loading. tape spe-

cifically for a certain ‘contemplated example

of a long ocean
sh transmission.

thicker sheath is desired; it may be best to

opposite directions one outside the other, as

_of this construction are that, applying the
{oa ing sheath in two layers Mgone;
he eddy current losses are somewhut reduced
sre wound in
opposite directions causes-a .more rugg
structure for handling since the tape is less

end and pro-.

‘rents, but this coating may

the tube 29, it-cools in.
the tube is kept at

rial No.-

. eb. 5,1929. Itisthen-
35 insulated, armoured and mechanically ‘Tein-

‘the t )

: have been described
to produce the desired results in the case of 31 is
: ghiel
“ous magnetic -fiel

has been ‘gifen of the dimen- ‘markably

saving of
le for high speed tele- -
"In some cases where &.
the form of two tapes wound in’
the advantages-

. manner of making soft
‘ing coils.
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likely to slip or buckle.

When more thanone

layer of leading material is used, the thin

coating of oxide on each’ serves as: an in-
sulating material for reducing the eddy cur-

g may be purposely in-
insulating coatings.

creased in thickness or

As may be applied to the loading material if -

desired. 5 :
With a- conductor composed of the im-
proved magnetic material containing ap-

roximately 2% chromium the attenuation
osses are kept low since not only does the
materialhave a '
cause of its high
losses are also kept at a minimum. -

The improved magnetic material of this
invention is useful for other purposes than
for the continuous loading of signaling con-
ductors: For example, it may be
vantagepuslﬁr' in the magnetic circuits of tele-
phone receivers, ringers and electromagnetic
devices of various types. Because of its

" Jow coercivity, it is of particular importance

in the magnetic circuits of moving vane Ime-
ters, marginal relays, split phase relays, and
similar devices in which the sensitivity of op-
eration is influenced to a considerable degree
by the previous magnetic history of the mag-
netic members. The low saturation point

“and the shape of the magnetization curves

make this material extremely well adapted

. for use in the cores of frequency changers

and magnetic modulators. . Also,’its charac-
teristics are such as:to make it & very desir--
able material for the|cores of various types o
transformers, such, for example, as those used
for transmitting currents havi

uency range such as those which occur in

ission of music and the voice. Bé-.
cause of its low hﬁsteresxs Joss it is of particu-
lar advantage when use i
tributing transformers which are continuall
connected to the line. - Another use for whic

' icularly adapted, is

for shielding apparatus from extrane-

n used in the cores of dis- .

as s magnetic

‘0

75

low hysteresis factor but, be- -
resistivity, the eddy current -
80

used ad-_

85

£ 100

having a wide fre- |

110

Iit is also useful for =~ |

lump loading as well as for continuous load- -

ing.
and low resistance may
small volume
material and
ture. : Coils

made up in re-
with a consequent
low cost of manifac-

magnetic shunts in submarine telegraph re-

‘ceiving apparatus. . T , ~
Forlb:%coilssmﬂlwiresofthem;g—'

netic material are insulated.from each other
and wound into a core in.the well known '

: On this core
loading coils are
ghown in Fig. 15 with the core 32 on which
the coil. windings 33. and 34 are indicated
diagrammatically. .
material - stability or constancy. in perme-

the windings of the

Choke coils of vergehigh, inductance

118

with cores of this material have
_been found particularly: valuable.for use as

o’ 3

iron cores for load- ;.4
mounted. Such s coil i8 -

In order to give the core m .



10

15

20

25

- magnetic materials

30

40-

50

60

‘this material, it is,

" acterized in that t

1,768,287

ability even though large currents are super§

imposed on the loading coil circuit, the core

.may be provided with gaps filled with non-

magnetic material 85. The use of the im-
proved magnetic material allows the neces-
sary effective permeability to be secured even
with these gaps present.” The windings of
the core 32 may be held.together by wrap-
ping the core with tape 36

of the non-magnetic gaps with the windings
thereon may be held together by means of
clamps 37. - T - ‘
Although for commercial reasons it -will
probably be advantageous to employ a si/ﬁgle
element as the substance for increasing the
resistivity and the initial permeability of
of course, obvious that
several elements could be simultaneously em-
ployed to obtain one or more of the ad-
vantages as set forth in the specification
without departing from the spirit of the in-
vention. ' :
_ Iron,in accordance with this specification,

means iron as described in the literature of.

] prior to August 1, 1925.
- What is claimed is: °

1. A magnetic com¥osition comprising at
least two elements o

_ the magnetic group
and other metallic substance composed of
metals of melting point. above 1150°° C.
which when added to magnetic compositions
composed of such two elements increases the
resistivity, characterized in that the pro-
portion of such-other substance is such as not
to decrease the initial permeability. '

2. A composition in accordance with the
foregoing claim, further characterized in
that the elements of the magnetic group in-
clude nickel and iron. - .

3. A composition in accordance with the
second foregoing claim, further character-
1zed in that the elements of the magnetic
group are nickel and iron and the other sub-
stance is in & proportion which increases the
initial permeability. SRR

4. A magnetic composition in ‘accordance
with the third foregoing claim, further char-

%m, elements of the mag-

initial permeability” obtained by the added
substance is higher than that of iron, . - _
5. A ‘magnetic composition in accordance

‘ . with-the fourth foregoing claim in which the
‘elements of the magnetic group: are .nickel

and iron, characterized in this that the initial
permeability of the composition when heat
treated to produce high initial permeability

s higher than can be produced by heat treat-

ing the composition with the other - sub-

stance replaced by iron. =

- 6. A magnetic composition of initial per-.

‘meability higher than iron comprising nickel

and iron, the nickel being more than 70%

‘of the whole and including other metallic

of non-magnetic-
material and the core sections on each side -

. the  whole,

-

substance ‘of melting point above 1150° C,

whereby the resistivity of such compositions
‘is increased. - v S

- 7. A composition in accordance with the
foregoing claim in which the nickel is from
75% to 85% of the composition. .

. 8. A magnetic material comprising nickel,
iron, and & third metallic element of melting
point.above 1150° C. to increase the -specific
resistance. thereof and in which the nickel
component is
whole, :

approximately 7814% of the

)

s

9. A magnetic material comprising nickel .

and iron to which is added chromium in such -

amount as with proper treatment will pro- .

duce higher initial permeability than when

the nickel and iron alone are present. -
10. A magnetic material comprising ap-

proximately 7814 % nickel, and the remainder °
1ron and chromium in such amount as with -
proper treatment will produce higher initial
‘permeability than when the chromium is re-

placed by iron. : o
11. A magnetic material heat treated to

have high permeability in a very low range -

of ‘magnetizing forces comprising - nickel,

chromium and iron in which the nickel com- :

ponent consists of approximately 7814% of

greater than 7% of the whole and the balance
iron. o : ' L

12.- A magnetic material comprising nickel,
chromium and iron in which the nickel com.

‘ponent consists of approximately 7814% of

the whole, the chromium component not more
than 214 % of the whole and the balance jron.
13. A magnetic material comprising . ap-
proximately 78149 nickel, approximate
2% chromium and the balance iron. =
'14. A magnetic material comprising ap-
proximatelngS%% nickel, iron, and at least
one other metallic element of melting point
above 1150° C., and having a higher specific
resistance than if said other element were re-
placed by iron.’ - C ‘

15." A magnetic material comprising nickel, -
-iron, and not to exceed 7% c

nickel component being more than 709% of the

_whole, said maghetic material having those

netic group include nickel and iron and the- -properties which are produced in such a com-

position by being annealed.at a temperature

" of the order of 1100° C. and slowly ‘cooled’

therefrom followed by bringing the niate-

-¥ial to a temperature of the order of 600° C.

and then cooling rapidly to a temperature
considerably lower than 600° C. at a rate in-

v

the chromium component not -

100

103

110

omium, the.

15

120

termediate an annealing rate and a rate at

which undue stresses and -strains will be set

‘up in the material; - -

16. A miagnetic material compl‘iSing nickel,

~ chromium and. iron in which the nickel com-

ponent comprises approximately 7814,% of
the whole, the chromium component not to

‘exceed 7% of the whole, and the balance iron,
said material having the magnetic properties



8.

which are produced by heating such a compo-

. ponent comprises approximately 781/fr

10

_ heated to a temperature around 1100°
- slowly cooled and then heated to 600°

16

~ perature,

‘point of the material.

18, A magnetic

sition to 1100°
heating to 600°
point lower

C. and slowly cooling, then
C. and cooling rapidly to a
than the magnetic transition

17. A magnetic material comprising nickel,
chromium and iron in which the nickel com;
o O
the whole, the chromium component from 2
to 5% of the whole, 'and the balance iron,
c2id ‘material having the properties which
are produced in such a composition by bein
C. an

C. and
cooled slowly. < o
material comprising ap-
proximately 78%% nickel, chromium be-
tween about 1% and about 5%, and the bal-
ance iron, said magnetic material having the
magnetic properties produced in such a ma-
terial by its being heated above a certain tem-
cooled slowly to a temperature near
the magnetic transition point for that mate-
rial, and then cooled rapidly at a rate inter-
mediate an annealing rate and aTate at which
undue ‘stresses and strains will be set up in
the material. . L : -

19. A magnetic material comprising ap-
proximately 78%% -pickel, approximately
99, chromum, and the balance iron, said
magnetic material having the pro rties pro-
duced in such a material by 1its bein heat-
treated by slowly cooling from 1100°
lowed by heating to 600° (., and then coolinig

rapidly to a pomnt lower than the magnoticv

transition point of the material.

90, A magnetic material compnsmg‘niokol;
jron and at least one other metallic element

of melting point above 1150° C. in an amount

not\over‘lO% to give the material increased
initial permeability, and

_ in, induc-
tive relation with said material, means where-
by the conductor is caused to carry & current
sufficient to produce in

netizing force not exceeding a fraction of a

“¢. g. s. unit.

51 A magnetic material comprising &
proximately “ 78%2% “nickel, approximately
929, chromium, and t ‘balance iron, and in

_ combinstion therewith an electrical conduc-
__tor in inductive -relation” with
- 992. ‘A loaded conductor. com

said material.
. rising -& con-
ducting core’ having a.layer of loadi ‘
rial wrapped helically thereabout; said load-
ing material i '

and approximate! 1914 % iron, the loaded
conductor being subjected to a heat treatment
to develop its optim ‘magnetic qualities.
93, A magnetic coz i
chiefly two elements of the magnetic grou
in “proportions which - if used alone would
it high maximum permeability to be

robt_ained and. including additional material

-meability’

., fol-.

in- combination -
- therewith an electrical conductor

the material & mag-.

ing mate- .

~ consisting - of -approximately

" 7814 % nickel, ap roximately 2% chromium P

composition comprising.

1,768,287

ing-point above 1150° C. whereby the initial
permeability is increased and thé maximum
permeability is decreased as compared with
the same two elements of the magnetic group
in the same proportions without the addi-
tional -material, thereby making the per-
more constant for magnetizing
forces up to the value at which maximum
permeablity is obtained. '

24. A magnetic composition comprising
chiefly two elements of the magnetic group
in proportions which if used alone would per-
mit high maximum ermeability to be ob-
tained and includin%e additional material
selected from the metallic elements of melt-
ing point above 1150° C. whereby the initial
permeability is increased and the maximum

‘permeability is not increased as compared

with the same two elements of the magnetic

group in the same proportions without the

additional material. -

95. A magnetic compositiop of initial per-
meability over 200 containing between 64%
and 85% nickel and the balance chiefly iron
plus an amount up.to 8% of resistance in-
creasing material selected from metals of
meltini point over 1150° C. :

26. £ i i
meability over 200 in which nickel is present
in an amount between 64% of the nickel-iron
content and 85% of the entire i
and the balance chiefly iron plus an amount

to 8% of material of the cgron}ium oup

u

o'? the periodic table for increasing the re- .

‘sistivilz. - ‘ o
magnetic composition of initial per-’

1.
meability over 200 in which nickel is present
in an'amount between 64%
content and 85% of the entire composition,
in which chromium is present in an amount
from 1% to 8% and the balance is chiefly
iron. . A S

98. A magnetic composition of initial per-
meability over 200 comprising nickel and iron
in proportions in which the nickel comprises
from 64% of the nickel-ir: content to 85%
of the whole and additional material selected
from the group of metals having & melting
point above 1150° C. for making the per-

additional material.

99. A magnetic composition of initial per-
meability. ‘over 200 comprising nickel and
iron in proportions in which the nickel-com-
rises from 64%
to 85% of the whole
up to 10% of the whole selected: from the
group of metals having a
1150° C. and forming 8 solid solution with
pickel-iron “compounds in
amounts under 10% for reducing the hystare-
gis loss and increasing the constancy. of ‘per-
meability. e

magnetic composition of initial per-.

composition .

melting point above

"gelected from the metallic elements of melt-’

70

]

100

of the nickel-iron’

106 -
110

ne

Tneability more constant than wvlthout.‘the '

120

of the nickel-iron content
and additional material

when present -In

130
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30. A composition in accordance with the
foregoing claim in which said additional ma-
terial is composed of elements of the chro-.
mium group of the periodic table.

° 31. A magnetic material comprising about.
29 chromium, 649% .to 85% nickel and the
balance chiefly iron.

32. A magnetic composition heat treated to
develop desirable magnetic properties at low
magnetizing forces comprising chiefly nickel
and iron in which the nickel lies between 65%
of the total iron-nickel content and 85% of
the whole, characterized in that from 15 to
10% of the entire composition is compose
1 of material selected from the group of ele-

ments including chromium, molybdenum, co-

balt, silicon and manganese.
“In witness whereof, I hereunto subscribe

my name this 1st day of August, A. D. 1925.

20 " GUSTAF W. ELMEN.
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